Background-A survival role for the transcription factor nuclear factor-B (NF-B) in ventricular myocytes has been reported; however, the underlying mechanism is undefined. In this report we provide new mechanistic evidence that survival signals conferred by NF-B impinge on the hypoxia-inducible death factor BNIP3. Methods and Results-Activation of the NF-B signaling pathway by IKK␤ in ventricular myocytes suppressed mitochondrial permeability transition pore (PTP) opening and cell death provoked by BNIP3. Expression of IKK␤ or p65 NF-B suppressed basal and hypoxia-inducible BNIP3 gene activity. Deletion analysis of the BNIP3 promoter revealed the NF-B elements to be crucial for inhibiting basal and inducible BNIP3 gene activity. Cells derived from p65 Ϫ/Ϫ -deficient mice or ventricular myocytes rendered defective for NF-B signaling with a nonphosphorylative IB exhibited increased basal BNIP3 gene expression, mitochondrial PTP, and cell death. Genetic or functional ablation of the BNIP3 gene in NF-B-defective myocytes rescued them from mitochondrial defects and cell death.
In this report we provide novel mechanistic insight into the mode by which NF-B suppresses cell death and show that NF-B transcriptionally silences basal and inducible expression of the death gene BNIP3.
Methods

Experimental Procedures
Cell Culture and Transfection
Postnatal ventricular myocytes from 2-day-old Sprague-Dawley rat hearts were isolated and submitted to primary culture as previously described. 10 BNIP3 luciferase reporter constructs (BNIPLuc) wildtype and mutant were created by subcloning 2.3 kb of the human BNIP3 promoter into the HindIII/BglII sites of the luciferase reporter plasmid PGL3 (Promega, Inc). 11 Deletion or point substitution mutations were introduced into the NF-B sequences 5Ј-GGGACGC-3Ј (base pairs Ϫ1075 to Ϫ1069) of the BNIP3 promoter by primer extension PCR (Quick Change, Stratagene Inc). Myocytes were transfected with the NF-BLuc or herpes simplex virus thymidine kinase promoter (TKLuc) or BNIP3 promoter luciferase reporter constructs as reported. 10, 12 Wild-type 3T3 and p65 Ϫ/Ϫderived 3T3 cell lines were generously provided by Dr D. Baltimore. 13 Expression plasmids encoding wild-type p65 and transactivation-defective mutations (p65S529A, p65S36A) were kindly provided by Dr A. Baldwin. 14 Small hairpin interference RNA against BNIP3 was generated as described 15 (Block-iT U6 RNAi, Invitrogen Inc). Myocytes were harvested 24 to 48 hours after transfection. Luciferase activity was normalized to ␤-galactosidase activity to control for potential differences in transfection efficiency and expressed as relative light units. 10 
Recombinant Adenovirus
Normoxic control and hypoxic myocytes were infected with adenoviruses encoding wild-type IKK␤ 16 (AdIKK␤wt), a kinase-defective IKK␤ (AdIKK␤mt), nonphosphorylative IB␣ (AdIB␣SA), 17 wild-type BNIP3 (AdBNIP3), mutant BNIP3 (AdBNIP3⌬TM), 18, 19 or an "empty" control adenovirus containing the CMV promoter (AdCMV), as previously described. 10 Myocytes were infected at multiplicity of infection of 10, which achieves Ͼ90% of gene delivery to ventricular myocytes. 10, 18 Cell Culture and Hypoxia Postnatal ventricular myocytes from 1-to 2-day-old Sprague-Dawley rats were subjected to hypoxia for 24 hours in an air-tight chamber under serum-free culture conditions and continually gassed with 95% N 2 /5% CO 2 , PO 2 Յ10 mm Hg, as previously described. 4, 18, 20 
RNA Isolation and Semiquantitative Reverse Transcriptase-Polymerase Chain Reaction
Reverse transcriptase-polymerase chain reaction (RT-PCR) was performed with the use of 0.5 g of total RNA with the Promega Access RT-PCR System (Promega Corporation) on a PTC-100 thermocycler (MJ Research, Inc) for BNIP3 or housekeeping control gene L32, respectively; BNIP3: forward 5Ј-GGGTAGAACTGCAC-TTCAGCAA-3Ј and reverse 5Ј-CCCTGTTGGTATCTTGTGGTGT-3Ј; L32 gene: forward 5Ј-TAAGCGAAACTGGCGGAAAC-3Ј and reverse 5Ј-GCTGCTCTTTCTACGATGGCTT-3Ј. RT-PCR products were analyzed by 2% gel electrophoresis. Relative band intensity was quantified by fluorescence scanning densitometry and normalized to L32 gene on a Storm gel analysis system (Molecular Dynamics).
Western Blot Analysis
Cardiac myocytes were harvested in 1.0% NP-40 lysis buffer and resolved on a 10% sodium dodecyl sulfate-polyacrylamide gel at 140 V for 4 hours. For detection of p65 NF-B or BNIP3 proteins, the nitrocellulose membrane (Roche Diagnostics) was incubated with a murine antibody directed toward BNIP3 19 or p65 NF-B subunit (Santa Cruz Inc). Bound proteins were detected by chemiluminescence reaction with horseradish peroxidase-conjugated an-tibodies with the use of enhanced ECL reagents (Amersham Pharmacia).
Cell Viability
Cell viability was determined with the use of the vital dyes calcein-acetoxymethylester (calcein-AM) (2 mol/L) and ethidium homodimer-1 (2 mol/L) to determine the number of live and dead cells, respectively (Molecular Probes), as reported. 10, 18 Cells were analyzed from at least nϭ3 to nϭ4 independent myocyte cultures counting Ն200 cells from replicates of nϭ3 for each condition tested. Data are expressed as meanϮSE percent reduction from control.
Mitochondrial Permeability Transition Pore
Mitochondrial PTP opening was determined with 0.4 mol/L calcein-AM (Molecular Probes) in the presence of 5 mol/L cobalt chloride, as previously reported. 4, 18, 21 Change in fluorescence intensity is an index of PTP opening. Data are expressed as meanϮSE. Integrated optical density was determined. 3, 22 
Statistical Analysis
Multiple comparisons between groups were determined by 2-way ANOVA. Unpaired 2-tailed Student t test was used to compare mean differences between groups. Differences were considered statistically significant to a level of PϽ0.05. In all cases the data were obtained from at least nϭ3 to nϭ4 independent myocyte isolations, with nϭ3 replicates for each condition tested.
Results
To formally address the mode by which NF-B suppresses mitochondrial defects and cell death of ventricular myocytes during hypoxia, we focused our attention on the death protein BNIP3 because previous work from our laboratory established BNIP3 as a critical factor for provoking mitochondrial perturbations and cell death of ventricular myocytes during hypoxia. 18 To establish whether IKK␤-mediated activation of NF-B is sufficient to suppress mitochondrial perturbations and cell death provoked by BNIP3, cells were infected with recombinant adenoviruses encoding BNIP3 or IKK␤ and assessed for cell viability. 9, 23 As shown in Figure 1A , myocytes overexpressing IKK␤wt were indistinguishable from uninfected control cells (Pϭ0.14, control versus IKK␤wt) with respect to cell viability. In contrast, a 6.7-fold increase (PϽ0.001) in myocyte death was observed in cells overexpressing BNIP3, a finding concordant with our previous data verifying that BNIP3 provokes apoptosis of ventricular myocytes 3 ( Figure 1B ). Importantly, cell death induced by BNIP3 was suppressed by the IKK␤wt but not by the catalytically inactive IKK␤ (IKK␤mt) defective for activating NF-B.
Because perturbations to mitochondria resulting from mitochondrial PTP opening are an underlying feature of BNIP3induced cell death, we next ascertained whether IKK␤mediated NF-B activation was sufficient to suppress BNIP3-induced mitochondrial PTP changes. 18, 21 As shown in Figure 2A , NF-B activation resulted in a significant 2.5-fold reduction (PϽ0.001) in mitochondrial green fluorescence in cells overexpressing BNIP3, a finding indicative of the PTP regulation by NF-B. Importantly, BNIP3-induced mitochondrial PTP opening was suppressed in cells expressing IKK␤ (Pϭ0.08, BNIP3ϩIKK␤ versus control), a finding consistent with the cell death data and concordant with our earlier work demonstrating suppression of mitochondrial PTP opening by IKK␤ during hypoxia. 9 Together the data establish that IKK␤-mediated NF-B activation is sufficient to suppress mitochondrial defects and cell death of ventricular myocytes provoked by BNIP3.
Because a critical role for BNIP3 has been reported for provoking mitochondrial defects in ventricular myocytes during hypoxia, we ascertained whether NF-B activation influences BNIP3 activity in hypoxic myocytes. As shown by semiquantitative RT-PCR analysis, a 2.6-fold increase in BNIP3 gene transcription was observed in cardiac myocytes subjected to hypoxia compared with normoxic control cells ( Figure 3A ). However, hypoxia-induced BNIP3 gene expression was repressed in cells overexpressing IKK␤. Similarly, BNIP3 protein expression was increased in cells subjected to hypoxia, a finding concordant with the BNIP3 gene transcription data but repressed in myocytes overexpressing IKK␤ ( Figure 3B ). Collectively, the data raise the intriguingly possibility that the BNIP3 gene may be transcriptionally repressed by NF-B.
Interestingly, sequence analysis of the BNIP3 promoter revealed canonical elements for NF-B (base pairs Ϫ1075 to Ϫ1069). Therefore, to test the possibility that BNIP3 may be transcriptionally regulated by NF-B, postnatal ventricular myocytes were transfected with luciferase reporter constructs for NF-B or BNIP3 in the presence and absence of IKK␤wt or a kinase-inactive IKK␤mt. As shown in Figure 3C , a 7.9-fold increase (PϽ0.001) in NF-B luciferase gene activity was observed in cells transfected with IKK␤wt compared with vector-transfected cells or cells transfected with a kinase-defective mutant, IKK␤mt. 24 Moreover, IKK␤mediated NF-B-induced gene transcription was inhibited with a nonphosphorylative form of IB␣ (IB␣SA), verifying that the observed increase in NF-B promoter activity by IKK␤ was contingent on the activation of p65 NF-B. In contrast, a 1.5-fold decrease (PϽ0.001) in BNIP3 promoter activity was observed in cells transfected with IKK␤wt compared with cells transfected with vector alone ( Figure  3D ). A 2.5-and 2.7-fold increase (PϽ0.001) in basal BNIP3 gene expression was observed in cells transfected with the kinase-inactive IKK␤mt or IB␣SA, respectively ( Figure  3D ). The inhibitory effects of IKK␤wt on BNIP3 promoter activity could be abrogated by inhibiting NF-B signaling with IB␣SA. The data indicate that BNIP3 promoter is repressed by IKK␤-mediated NF-B activation.
Because the biological properties of NF-B are related to the p65 subunit, we next determined whether the inhibitory effects of IKK␤ on BNIP3 promoter activity were mediated by p65 NF-B subunit. As shown in Figure 4 , a 5.6-fold increase (PϽ0.001) in NF-B gene transcription was observed in cells transfected with the p65 compared with vector-transfected cells or cells transfected with the constitutively active TKLuc promoter, which lacks consensus NF-B elements, verifying that p65-dependent gene activation was contingent on the presence of NF-B response elements. Furthermore, the increased NF-B promoter activity by p65 was inhibited with IB␣SA. In contrast, a 2.9-fold decrease (PϽ0.001) in BNIP3 gene transcription was observed in cells in the presence of p65 NF-B. Furthermore, the inhibitory effects of p65 on BNIP3 promoter activity were alleviated by IB␣SA ( Figure 4C ), confirming that p65 NF-B was responsible for repressing BNIP3 promoter activity.
To verify that the negative regulation of BNIP3 gene expression by p65 was contingent on the NF-B elements within the BNIP3 promoter, we generated BNIP3 promoter luciferase reporter constructs in which the NF-B consensus A, Mitochondrial PTP was monitored in ventricular myocytes with the use of the membrane permeable dye calcein-AM in the presence of cobalt chloride to quench the cytoplasmic signal, as previously reported. 21 Onset of PTP is marked by a loss in green fluorescence from mitochondria. 4 Postnatal myocytes were infected with a control adenovirus (CNTL), adenovirus encoding BNIP3 (BNIP3), or IKK␤wt. B, Histogram for data shown in A. Data were obtained from at least nϭ3 to nϭ4 independent myocyte isolations, counting at least Ն200 cells per condition. *Statistically different from CNTL. elements had been deleted or mutated. As shown in Figure 5A , compared with the wild-type BNIP3 promoter, a 62-fold increase (PϽ0.0001) in basal BNIP3 gene transcription was observed after deletion of the NF-B elements. Similarly, point substitution mutations that disrupted the integrity of NF-B elements within the BNIP3 increased basal BNIP3 expression, confirming that the NF-B elements are essential for repressing BNIP3 gene expression (K. Ens, MSc, and L.A. Kirshenbaum, PhD, unpublished data, 2003) . Importantly, the ability of IKK␤ or p65 to repress BNIP3 gene activation was lost after deletion of the NF-B elements ( Figure 5B ). Together, the data substantiate the importance of the NF-B elements for repressing basal expression of BNIP3.
To determine whether the observed repression of BNIP3 gene expression by NF-B was contingent on de novo activation by p65 NF-B, we tested the impact of mutations of the p65 previously shown to be defective for transactivation on BNIP3 promoter activity. As shown in Figure 4D , BNIP3 promoter activity was suppressed in a manner comparable to that of wild-type p65 by either of the transactivation-defective p65 mutants tested, ruling out the possibility that repressive effects of the p65 on BNIP3 promoter activity were contingent on de novo gene activation by NF-B.
Given that earlier work by our laboratory established a critical role for IKK␤-mediated NF-B activation for suppression of mitochondrial perturbation during hypoxic injury of ventricular myocytes, 9 we next tested whether NF-B influences BNIP3 activity during hypoxia. For these experiments, ventricular myocytes were transfected with BNIP3 luciferase promoter reporter constructs and subjected to hypoxia in the presence and absence of p65. As shown in Figure 5C , in the absence of the p65, a significant 5.6-fold increase (PϽ0.001) in BNIP3 promoter activity was observed in cells subjected to hypoxia compared with normoxic control cells. However, in the presence of p65, BNIP3 gene expression during hypoxia was markedly repressed compared with vector-transfected control cells, a finding consistent with the repression of the endogenous BNIP3 protein in cells expressing IKK␤. Consistent with the increased BNIP3 expression was a marked reduction in NF-B-dependent gene transcription and endogenous p65 protein levels in ventricular myocytes during hypoxia ( Figure 5D , 5E). To test the functional significance of these observations, we rendered ventricular myocytes defective for NF-B activation with IB␣SA, previously shown by our laboratory to functionally block NF-B-dependent DNA binding and gene activation. 25 A 2.3-fold increase (PϽ0.01) in basal BNIP3 gene expression was observed in ventricular myocytes overexpressing IB␣SA compared with vector-transfected control cells ( Figure 6A ). Furthermore, cells rendered defective for NF-B activation with either IB␣SA or IKK␤mt displayed a 1.9-and 1.8-fold increase, respectively, in BNIP3 gene expression as determined by semiquantitative RT-PCR analysis ( Figure 6C ). In addition, a 2.9-fold increase (PϽ0.001) in basal BNIP3 gene transcription was observed in cells derived from p65 Ϫ/Ϫ mice compared with wild-type cells ( Figure 6B ). Consistent with a cytoprotective role for NF-B, the p65 Ϫ/Ϫ mouse embryonic fibroblast cells were found to be more sensitive to hypoxic stress, displaying a 2.1-fold increase (PϽ0.01) in cell death compared with wild-type control cells (J. Shaw, BSc, and L.A. Kirshenbaum, PhD, unpublished data, 2005) . Furthermore, perturbations to mitochondria consistent with PTP opening were observed in ventricular myocytes rendered defective for NF-B activation ( Figure 6D, 6E) , a finding concordant with the increased expression of BNIP3 in the absence of NF-B activation. Vital staining revealed a significant 4.2-fold increase (PϽ0.001) in cell death in cells defective for NF-B activation ( Figure 7A ). Moreover, staining of cardiac nuclei with Hoechst 33258 dye indicated the mode of cell death as apoptosis ( Figure 7B ). This observation is consistent with our earlier work as well as that of others demonstrating a survival role for NF-B in ventricular myocytes. 9, 17, 26 Collectively, these findings suggest strongly that deregulated expression of BNIP3 provokes cell death in the absence of NF-B signaling.
To verify that BNIP3 was the underlying cause of apoptosis in cells defective for NF-B activation, we determined whether genetic or functional ablation of BNIP3 would suppress cell death in NF-B-deficient myocytes. As shown in Figure 7C and 7D, cells treated with small-interfering RNA (siRNA) directed against BNIP3 were indistinguishable from control cells treated with an irrelevant siRNA with respect to viability. Interestingly, myocytes rendered defective for NF-B activation with IB␣SA and treated with BNIP3 siRNA displayed a dose-dependent reduction in the incidence of cell death compared with NF-B-defective myocytes treated with irrelevant siRNA (Figure 7C, 7D) . To substantiate these novel findings, we used an alternative strategy to inactivate BNIP3. For these experiments, we used a dominant-negative mutation of BNIP3, previously shown by our laboratory to suppress cell death induced by BNIP3. 18 As shown in Figure 7C and 7D, the incidence of cell death was markedly suppressed by the dominant-negative BNIP3 (3.7fold decrease; PϽ0.001) in cells rendered defective for NF-B activation with IB␣SA, a finding concordant with our siRNA BNIP3 data.
Discussion
The underlying mechanism by which oxygen deprivation triggers cell death of ventricular myocytes is poorly understood. Recently, we demonstrated that IKK␤-mediated activation of the NF-B signaling pathway was sufficient to suppress hypoxia-induced mitochondrial defects and cell death of ventricular myocytes. 9 As a step toward elucidating the mode by which NF-B averts cell death, we reasoned that NF-B likely modulates the activity of factor(s) that would otherwise provoke these changes during hypoxia. In this report we provide new compelling evidence that NF-B transcriptionally silences basal and hypoxia-inducible expression of the mitochondrial death gene BNIP3.
Previously, we identified BNIP3 as a critical component of the mitochondrial death pathway during hypoxic and ischemic injury in ventricular myocytes. 3 The closest homologue to BNIP3 is Nix/BNIP3L, 27 which can reportedly provoke (NF-B Luc) . B, Thymidine kinase (TK Luc). C, BNIP3 wild-type luciferase reporter (BNIP3 Luc), in the presence and absence of a eukaryotic expression plasmid encoding the p65 NF-B. D, Cells transfected with BNIP3Luc in the presence and absence of transactivation-defective mutations of p65 designated p65S529A or p65S536A. 34 Control cells (CNTL) were transfected with the eukaryotic expression vector pcDNA3. Data are expressed as meanϮSE (PϽ0.05). Experiments were repeated at least nϭ6 with independent culture conditions, with replicates of nϭ3 for each condition tested. *Statistically different from CNTL; ‡statistically different from p65; NS, not significant. mitochondrial defects and cell death in a Gq model of heart failure. 27, 28 However, unlike BNIP3, the Nix promoter does not contain hypoxia-inducible response elements and consequently does not appear to be regulated during ischemia or hypoxia like BNIP3. 18, 29 BNIP3 is readily distinguished from other Bcl-2 family members known to provoke cell death by at least 2 important features. First, unlike other Bcl-2 family members, BNIP3 appears to be directly activated by hypoxia or ischemic injury in ventricular myocytes. 18 The second and perhaps most compelling feature is the presence of NF-B consensus elements within the BNIP3 promoter that are absent from other factors. These unique properties of BNIP3 underscore its importance as a key regulator of mitochondrial function during hypoxic injury and suggest that it must be regulated, at least transcriptionally, in a manner distinct from the other death factors. Although the mechanisms that regulate basal and inducible BNIP3 gene expression are poorly defined, the present data strongly suggest that BNIP3 gene expression is negatively regulated by NF-B. Furthermore, our data demonstrate that NF-B elements within the BNIP3 are crucial for repressing BNIP3 under basal and inducible conditions.
The fact that deregulated and uncontrolled expression of BNIP3 would otherwise provoke mitochondrial defects and cell death implies that BNIP3 must be highly regulated and under tight transcriptional control. In this report we show that disruption of NF-B signaling pathway by not 1 but 3 independent approaches resulted in increased basal BNIP3 expression and cell death. Furthermore, the fact that cells defective for NF-B activation displayed mitochondrial perturbations implies that NF-B prevents cell death by suppressing untimely or inappropriate activation of the intrinsic mitochondrial death pathway. This finding is consistent with previous work by our laboratory and others demonstrating that functional inactivation of NF-B increases susceptibility to cell death. 9, 26, 30, 31 Indeed, genetic or functional inactivation of BNIP3 in myocytes defective for NF-B activation suppressed mitochondrial PTP and apoptosis. That p65 NF-B activity was diminished in hypoxic myocytes is consistent with a paradigm shift from cell survival toward cell death through increased expression levels of BNIP3. This is in agreement with our earlier work demonstrating a crucial role for IKK␤-mediated NF-B activation for the suppression of mitochondrial perturbations and cell death of ventricular myocytes during hypoxic injury. 9, 17 Collectively, our data support a model in which NF-B averts cell death by repressing basal expression of BNIP3.
The counterintuitive and unexpected repression of BNIP3 by NF-B, despite its well-established and acknowledged role as a transcriptional activator, 6, [32] [33] [34] [35] highlights a less defined but emerging role for NF-B as transcriptional repressor. 7, 8, 36, 37 The fact that deletion of the NF-B elements within the BNIP3 promoter resulted in a greater basal and hypoxia-induced expression of BNIP3 supports our contention that NF-B negatively regulates BNIP3 gene expression. Although the mode by which NF-B regulates BNIP3 gene activity was not determined here, it appears to be independent of de novo gene activation given that mutations of the p65 subunit defective for transactivation repressed BNIP3 gene activity. Whether NF-B represses BNIP3 promoter by signaling through inhibitory or accessory proteins 7 is currently unknown and remains an area of active investigation. Furthermore, the fact that mitochondrial defects provoked by BNIP3 protein overexpression were suppressed by NF-B suggests that NF-B may also influence posttranscriptional events that impinge on the ability of BNIP3 to trigger cell death.
To date, the mechanism by which NF-B averts cell death has not been established. In this report we provide the first direct evidence that NF-B averts cell death by repressing basal activation of BNIP3. That BNIP3 gene expression was increased in cells defective for NF-B signaling is interesting, and, although not proven, it is tempting to speculate that it may underlie the phenotype of the p65 Ϫ/Ϫ mice that die embryonically from excessive apoptosis. 30, 38 Nevertheless, under the conditions tested, our data provide the first evidence that NF-B prevents cell death through a mechanism that involves the transcriptional silencing of the mitochondrial death protein BNIP3. Furthermore, our data Figure 6. BNIP3 gene expression in NF-B-deficient cells. A, A 2.6-fold increase (PϽ0.01) in basal BNIP3 gene expression was observed in cells defective for NF-B activation with IB␣SA compared with vector-transfected control myocytes (CNTL). B, 3T3 wild-type and p65 Ϫ/Ϫ cells 13 were transfected with a BNIP3 luciferase reporter plasmid; a 2.9-fold (PϽ0.001) increase in basal BNIP3 gene expression was observed in p65 Ϫ/Ϫ cells compared with wild-type 3T3 control cells (CNTL). C, Top, Semiquantitative RT-PCR for BNIP3 gene expression in control cells and cells rendered defective for NF-B activation with the IB␣SA or IKK␤ K-M . A 1.8-and 1.9fold increase in endogenous BNIP3 gene transcription was observed in cells expressing IB␣SA and IKK␤ K-M , respectively. Data were normalized to the housekeeping control gene L32 (bottom panel). D, Mitochondrial PTP in ventricular myocytes rendered defective for NF-B activation. PTP was monitored in ventricular myocytes, as described in Figure 2 , and is marked by a loss in green fluorescence from mitochondria. E, Histogram for data shown in D. Data were obtained from at least nϭ3 to nϭ4 independent myocyte isolations, counting at least Ն200 cells per condition, and are expressed as meanϮSE percent change from control group. *Statistically different from CNTL.
contribute to the dichotomous actions of NF-B and extend the paradigm for its cytoprotective properties, which now include repression of the death gene BNIP3. Figure 7 . BNIP3 provokes cell death in the absence of NF-B signaling. A, Postnatal ventricular myocytes were infected with adenovirus encoding the nonphosphorylative IB␣SA in the presence and absence of siRNA directed against BNIP3 or dominant-negative mutation BNIP3. Cell viability was assessed as in Figure 1 . a, Control cells transfected with irrelevant siRNA; b, cells transfected with siRNA against BNIP3; c, cells expressing IB␣ mutant (IB␣SA); d, cells expressing IB␣SA with BNIP3 siRNA 0.5 g; e, cells expressing IB␣SA with BNIP3 siRNA 1.0 g; f, cells expressing IB␣SA with the dominant-negative BNIP3 (BNIP3⌬TM). B, Fluorescence images of cells stained for nuclear morphology with Hoechst 33258 dye (blue); labels are the same as described for A. C and D, Histograms show quantitative data from A and B, respectively. Shown are control cells transfected with irrelevant siRNA (CNTL); siRNA directed against BNIP3 (BNIP3 siRNA); IB␣ mutant (IB␣SA); and BNIP3 dominant-negative mutant (BNIP3⌬TM). Data were obtained from at least nϭ3 to nϭ4 independent myocyte isolations, counting at least Ն200 cells per condition tested. *Statistically different from CNTL; ‡statistically different from IB␣SA.
